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SUMMARY
This bulletin was prepared chiefly with the view of giving information that will aid operators of creameries, cheese factories, and
plants making cultured buttermilk in Improving and standardizing
their methods of starter making so that a high-quality product
can be made from day to day.
There is a need for some improved equipment for making mother
starter and a device for maintaining a uniform temperature of the
milk kept in starter cans during the incubation period.
The Oregon Agricultural Experiment Station has designed the following equipment to meet the needs of Oregon creameries and
cheese factories:
A tank for pasteurizing and cooling jars of milk to be used for
mother starter.
A simple steam sterilizer for sterilizing transfer tubes.
C.
A water-jacketed incubator in which a temperature of from
68° to 72° F. can be maintained during all seasons.
An insulated box for cooling jars of starter in ice-water.
An electric heater equipped with a three-heat switch for main-

taining a uniform temperature of inoculated milk kept in

4.
5.

starter csus
Simplicity of operation, dependability, and low cost are the requirements that have been met in designing this equipment.
The total cost of the foregoing equipment when constructed ac-

cording to specifications given should not exceed $150.00.
This equipment has been used in the College Creamery for a period
of more than one year in making starter in accordance with methods recommended. High-quality starter has always been obtained.
7. The most important points to observe in the preparation of starter
are:
Efficient sterilization of the utensils before they are used.
The use of high-quality milk.
Efficient pasteurization of the milk.
Selecting new cultures of bacteria wthich will produce clesirable flavor and aroma in milk.
Using an amount of inoculation and length of ripening period
that will favor the production of the most desirable flavor and
aroma in the starter.
6.

1.

Using a temperature as near 70° F. as possible during the incubation period.

Cooling the coagulated starter to from 32° F. to 40° F. and
holding it at this temperature until it is to be used.
Preventing contamination of the pasteurized milk, the glassware and equipment used, and the finished starter, with undesirable micro-organisms.

Design of Equipment and Method
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And Cheese Factories
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INTRODUCTION
is a product obtained by inoculating pasteurized skim milk or
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whole milk at about 7O P. with a mixed culture of lactic acid producing
and citric acid fermenting bacteria and holding it at this temperature until a
certain acidity and desirable flavor and aroma are developed. Starter is used
extensively in the cheese and butter industries as well as in tbe milk industry
for cultured buttermilk. It is of paramount importance in the manufacture
of cheddar and cottage cheese having a desirable flavor and texture. In the
manufacture of butter the addition of starter to the cream results in butter
of a finer quality tban if no starter is used provided the starter has a desirable
flavor and aroma. It has been shown experimentally that use of starter in
buttermaking may also check the development of certain undesirable bacteria
which cause objectionable flavor in butter. The use of high-quality starter is
indispensable in the preparation of commercial buttermilk of desirable flavor,
aroma and texture.
Approximately 100 dairy plants in Oregon are now making starter for use
in the manufacture of the four products named above. All plants in Oregon
making cheddar and cottage cheese, and cultured buttermilk, use starter regu-

lârly in the manufacture of these products, but at present only about 15
percent of the creameries in the state use starter in the routine manufacture
of butter. It is estimated that an average of 11,000 pounds of starter are
prepared daily, or about 4,000,000 pounds a year, by the plants in Oregon that

use starter in their manufacturing operations. The reasons given for not

using starter more extensively in butterma.king have been the following: (a)
lack of suitable equipment, (b) additional work and expense, (c) higher price
not obtained for the butter, (d) lack of appreciation by the consumers of the
flavor imparted to the butter by starter. It is not within the scope of this
bulletin to discuss the advantages or disadvantages of using starter in buttermaking.

The subject is discussed in other publications of this Station.

The chief obstacle in the preparation of starter seems to lie iii the lack of
adequate and inexpensive equipment for preparing and carrying cultures.
Regardless of the skill and knowledge of the dairy plant operator, lack of

equipment to maintain the conditions necessary for the manufacture of a
desirable starter contributes much to the problems of starter making. The

Oregon Agricultural Experiment Station has studied the equipment now commonly used in Oregon and has designed new equipment for the preparation
of mother starter5 and also a temperature-controlling device for maintaining
a uniform temperature during incubation of large batches of starter. These
meet the requirements for making high-quality starter.
*The small batch of starter made in a glass jar to be used in inoculating the milk
for starter used in manufacturing is called mother starter or mother culture.

(5)
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CHANGES CAUSED IN MILK BY THE LACTIC ACID PRODUCING AND CITRIC ACID FERMENTING BACTERIA
The lactic acid producing organism, Streptococcus lactis, when growing in
milk, ferments the milk sugar with resultant production of lactic acid. Sufficient acid may be developed to cause coagulation. The maximum acidity produced, calculated as lactic acid, is usually from 0.70 to 1.00 percent. The
organism also produces minor products, but not in sufficient quantities to be
of importance from a flavor- and aroma-producing standpoint. Some strains of
S. lactis may also cause slight proteolysis in milk.1 The chief change brought
about by the S. lactis organism in milk when it is grown under favorable conditions is the production of acid accompanied by coagulation. Apart from the

acid taste little flavor and aroma are produced. From a study of the characteristics shown by several thousand cultures of the species Streptococcus
lactis, Hammer and Baker' were able to divide them into six different groups.
The differentiation was made on the basis of the activity of the organisms when
grown in litmus milk. They studied the growth characteristics, acid production,
flaivor and odor produced, and the air and temperature relationships of the
cultures, etc. They state that further study may result in the addition of
other types.

The investigators characterize the organisms belonging to the S. iaeiis
group as follows: "Any organism coagulating litmus milk rapidly or fairly
rapidly with reduction of the litmus but without digestion or the formation of
gas and which appears in stains from milk as a gram positive coccus arranged
in chains or pairs, the pairs rarely being grouped into clumps, is considered as
belonging to the S. locus group."
On the basis of his extensive study of the lactic-acid bacteria, Orla-Jensen'
concluded that the lactic acid producing organisms of starters belong to
another species of acid-producing streptococci than Streptococcus ia-ctis. He

observed that the lactic acid-producing organism commonly present in the
starters used in Denmark possessed certain characteristics different from those
of the common acid-producing streptococcus of sour milk. He has named the

starter organism Streptococcus cremoris. He reports that this organism, in
addition to fermenting the lactose in milk with the production of lactic acid.
also causes the production of a desirable aroma. The cells of this organism,
when present in milk, appear in long chains. Only exceptionally are strains of
this streptococcus able to ferment maltose and dextrin. Streptococcus lactis,
on the other hand, he reports, produces an acid taste in milk through the fermentation of lactose, and some strains produce an undesirable flavor. The
cells of this organism are arranged in pairs when they are growing in milk.
Maltose and dextrin are fermented in significant quantities by this organism.
Kelly' has recently made a study of the chemical changeslactose fermentation and proteolysisbrought about in milk by lactic acid-producing strep-.
tocoeei. He used two strains of Streptococcus lactis and two strains of Streptococcus crernoris. These he obtained from Orla-Jensen. He also used a variety of each of these species of organisms isolated from cheese as well as a
culture of commercial starter. On the basis of the data obtained, he came to
the conclusion that "Streptococcus cremoris is the active organism in the
commercial dairy 'starter' tested, rather than Streptococcus lactis as has
been assumed by many dairy workers."
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Hammer' is convinced, however, that it is not necessary to have the longchain lactic-acid types, which Orla-Jensen calls S. cremoris, in a butter eulture. Other workers who formerly have made a distinction between S. lactis
and S. creinoris now consider them identical.

Desirable starters for use in buttermaking and for cultured buttermilk

are not pure cultures. They contain desirable varieties of the common lactic
acid producing organism, Streptococcus icctis (Streptococcus cremoris according to Orla-Jensen). En addition, an associated organism, either Streptococcus
citrovorus or Streptococcus paracitrovorus, is present. Hammer,' who named
the associated organisms, ha shown that either of these organisms when growing with S. lactis in starter ferments citric acid with the production of volatile
acilFs. Flavor and aroma are associated with these volatile acids. Good starters
cannot be obtained when any of the three above-mentioned organisms grows
alone in milk.

Hucker and Pedcrson7 have recently reported the results obtained from a
detailed study by them of 35 strains of the citric acid fermenting organism
called Streptococcus citro'vorus by Hammer and Bet acoceus creinoris by Søncke
Knudsen and Sørensen. On thc basis of the characteristics shown the investi-

gators are of the opinion that the organisms are species of the genus Leuconostoc and suggest the species name Leuconostoc citroi,orus.
The same investigators also report that two strains of Streptococcus paracitrovorus which they received from Hammer appeared to belong to the species
Leuconostoc dextranicus. Certain similarities in the general descriptions of the
two types indicated that Leuuonostoc dextranicus and Streptococcus paracitrovorus are probably identical.

Research workers, chiefly Van Niel, Kluyver and Derx,' Schmalfuss and
Barthmeyer,' King,'°, and Hammer," have engaged in a study of the flavor
compounds present in starter. Hammer states that the data which he has
obtained suggest a relationship between the desirable flavor and aroma of a
culture and the presence of acetoin (acetylmethyl-carbinol) and the closely
related compound, diacetyl.

Acetoin has a faint, pleasant odor, and diacetyl in dilute solutions has
an odor similar to that of butter made from high-quality cream to which
starter had been added. Acetoin is formed in the starter through the activity
of the citric acid fermenting organisms and is subsequently oxidized to
diacetyl (CH8-COCO-CH2).

It is quite probable that additional compounds may be responsible for the
flavor and aroma of good starter. The researches during recent years have
definitely shown that fine-flavored starter contains relatively high percentages
of volatile acids and diacetyl.

BRIEF HISTORY OF STARTERS
Souring of milk in the manufacture of cheese and the souring of cream
in the churning of butter have been practiced for centuries. Pasteur2 in
1857 first discovered the part played by certain bacteria in the lactic-acid
fermentation of milk. Scheele" in 1782 reported the results of his work on
the acid present in scur milk. He named this acid lactic acid. The common
lactic acid producing bacterium ordinarily present in sour milk was first
isolated in 1878 by Lister,' who named it Bacterium locUs. This is the organism now known as Streptococcus locUs.
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The practice of souring of cream before churning without the use of cultures of known types of bacteria was employed extensively in Europe until

the practice of adding a ripening agent, or "starter," becanie common.
Attempts to use starter in cream for buttermaking were made in Holland,
Holstein, and Denmark during the years 1860-1880. The starter consisted of
either sour cream or buttermilk or whole milk which had been diluted with
warm water and allowed to sour. This method was not always dependable
since undesirable baeteria occasionally gained entrance into the cream and
caused an undesirable flavor. The Danish bacteriologist Storch who in 1884
began investigations on the causes of defects in butter, came to the conclusion that better ripening agents were desirable. He developed starters con-

taining bacteria that produced a desirable flavor and aroma in milk. The
first of these cultures to be used in the commercial manufacture of butter"
was tried in 1888 at the creamery "Duelund" in Denmark, where it was used
in the ripening of pasteurized sweet cream.

Ferdinand Cohn" is credited with being the first to point out, in 1875,
the influence of bacteria in cheese ripening. Von Freudenreich'T in 1897
attributed to the lactic acid producing organisms the principal role in the
ripening process, especially in Emmenthaler cheese.

The importance of the lactic acid producing bacteria in the manufacture
of cheddar cheese is shown by the researches of Hastings, Evans, and Hart,"
who in the summary of their extensive investigations on the bacteriology of
cheddar cheese state as follows:
"The only group of bacteria found constantly in great numbers in cheddar
cheese by previous investigators is the Bacterium lactis ax-idi (S. lactis) group.

The functions of this group in cheddar cheese are, through their by-product,

lactic acid

To favor the curdling of milk by rennet.
The bacteria of the milk are held in great part in the curd. Through
the acid they influence the shrinking of the curd and expulsion of the whey.
"(e) The acid so changes the nature of the curd as to cause 'matting.'
The acid activates the pepsin of the rennet extract.
The acid prevents the growth of putrefactive bacteria in the cheese."
Cultures of bacteria desirable in cream ripening and in the manufacture
of cheese were offered for sale by several laboratories shortly after Storch's
cultures had been proved successful. Among the laboratories that were the
pioneers in this respect can be mentioned those of A. E. Qvist, Blauenfeldt
and Tvede, and Chr. Hansen.

Cheesemakers have not paid so much attention to the aromatic properties
of starter. It is understood that a starter is desired which will give a fairly
rapid development of acid during the cheesemaking process. It is claimed
that the starters desirable for buttermaking are not always satisfactory in
the manufacture of cheese. Further research work on starters for cheese seems
to be warranted.

PRESENT STARTER-MAKING EQUIPMENT NOT ADEQUATE
Very few of the dairy plants using starter in their manufacturing operations have equipment that is satisfactory for the preparation of mother
starter. Some plants do not make mother starter at all. In most of the
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plants where mother starter is made, difficulty is experienced in pasteurizing
and cooling the milk without breaking the jars. The water which surrounds
the jars in the pasteurizing tank is usually heated by injecting steam into it.
This causes eonsiderablc vibration which may result in an unreasonable number of broken jars. The addition of cold water to the tank when cooling the
pasteurized milk is usually done in such a manner that the lower part of the
jars is cooled before the upper part. The difference in temperature is often
so great that the jars crack.

Satisfactory facilities for sterilizing the transfer equipment are oftentimes lacking. Metal spoons are commonly used for transferring. These are

either dipped into hot water or are steamed in front of a hose before they
are used. This method of sterilization may not be adequate. Many bacteria
may survive this brief heating process.

In some plants an incubator is used, while in others this important piece
of equipment is absent. Most of the incubators used are without positive
automatic control of the temperature. An electrically controlled heating unit
is sometimes used to maintain a temperature in the incubator of 70° F.
when the air in the room in which it is kept falls below this during the incubation period. Sometimes a jar of hot water is placed in the incubator for
the purpose of supplying heat. Incubators now in use in Oregon, with per.
haps one or two exceptions, have no provision for decreasing the temperature
inside the box to 70° F. when this becomes necessary. Incubators having cool-

ing devices are so expensive that they are not being used in more than oe
or two plants in Oregon. Cooling facilities are required during the warmer
months when the temperature in the room where the incubator is kept is
above 70° F. At a dairy manufacturing plant visited during the month
of April it wa observed that the temperature inside the incubator was 80°
P. when the jars of inoculated milk were placed in it. This was evidence
that the room temperature had been from 80° to 90° F. during the afternoon.
Although the temperature of the room may drop below 70° F. during the
night, the temperature of the air in the incubator may remain above 70° F.
for quite a long time. Over-ripe and inactive starter has been noted to result
from incubating the inoculated milk at too high a temperature. The ineu
bator may be placed in a refrigerated room during the warm season. It
should, of course, he equipped with an automatic heating device. This may
not in all cases be feasible.
Few starter makers realize the importance of checking the growth of
the bacteria in the starter after coagulation has occurred. The holding of
the coagulated starter at the incubation temperature, or even at a temperature of from 10° to 20° F. lower than this, for several hours until it is to be
used may result in the development of a sharp, acid flavor. If the starter
is continually being over-ripened, the bacteria will become weakened, and may

lose their power to coagulate the milk. This condition may cause the starter
to "go off)' The common practice now is to place the mother starter, when
removed from the incubator, in a cool i-oom until it is to be used for inoculating. Occasionally the starter is placed in a tank of cold water or in
ice-water. The rapid reduction of the temperature is best accomplished by
placing the jars in ice-water.

10
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EQUIPMENT NECESSARY IN PREPARING MOTHER STARTER
Adequate equipment is essential for making mother starter. The following
equipment is required:
A tank for pasteurizing and cooling the milk in glass jars is necessary.

It is important to have a pasteurizer and cooler in which the temperature
can be increased or decreased so as not to crack the glass jars.
Glass tuhes or pipettes are recommended for transferring the small
quantities of starter for inoculating the cooled pasteurized milk.
A sterilizer for sterilizing transfer tubes is essential.

An incubator that will maintain a temperature of from 68 to 72
is necessary for the jars of inoculated milk. In the past it has been diffi.cult to obtain an incubator that would maintain a temperature as low as 7O
F. during warm weather.
1'.

A small tank or refrigerator in which the jars of mother starter
can he held in ice-water after incubation until used is also necessary.

DESIGN AND DEVELOPMENT OF OREGON MOTHERSTARTER MILK PASTEURIZER
A common practice in pasteurizing of milk in glass jars for making mother

starter is to place the jars of milk in a container of water with the water
level at least as high as the milk in the jars. The only problem involved
iC to heat the water to pasteurizing temperature and cool it to 7Q F. slowly

and uniformly from the top to the bottom of the jar to avoid breaking an
ordinary two-quart glass jar.

:i

Figure 1. Equipment for preparing mother starter installed in the college creamery. The
picture shows the method of inoculating milk by means of sterile glass transfer tubes.
Note convenient cooling box on the right for keeping starter until used.
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Figure 2. Tank for pasteurizing and cooling jars of milk to be used for mother starter.
Insulated box for keeping starter in ice-water shown on left.

In the pasteurizer used previous to starting this experiment the water
was heated by turning steam directly into the water surrounding the jars.
This caused an objectionable amount of noise and vibration. In developing
the new pasteurizer steam coils of 1/2-inch iron pipe with a steam trap were
used and found to be a great improvement except that the rust from the
iron pipe was rather objectionable.

Following this a test was again made by injecting steam directly into
the water in the pasteurizer through a silencer. This was used for some time,
being an improvement over the former arrangement as the noise and vibration were greatly reduced. It was not as desirable as the steam coils, however, which eliminate all noise and vibration. Steam coils in the latest
pasteurizer were made of 2.incb brass pipe, thus eliminating all rust or
corrosion, and these coils with tinned copper for the pasteurizer box make a
pasteurizer that will last indefinitely.
The former cooling arrangement involved introduction of cooling water
near the bottom with an overflow at the desired water level. Frequent cracking of jars occurred. Tests showed that the cold water formed a layer in the

lower part of the pasteurizer which raised up along the jars as the cooling
progressed. The upper part of the jars was thus exposed to nearly boiling
water at the same time the lower part of the jars was exposed to the cooling
water. This condition was apparently the cause of cracking of the jars.
The new design of cooling arrangement is shown in Figures 3 and 5.
In this arrangement tl1e cooling water is admitted near the bottom of the
pasteurizer and is conducted to the opposite end up to the oveiftow level in
a 1/2-inch pipe. There it is divided anti flows through the three pipes extend-
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ing lengthwise of the pasteurizer. The water is released through ¼-inch
holes drilled into the top of these three horizontal pipes. The height of the
overflow is arranged so thnt the three horizontal pipes are nearly submerged.
This arrangement makes it apparent to the operator how much cooling water
is being admitted by observing the flow of water through the ¼-inch outlet
holes. By the time it is released the cooling water is very nearly the temperature of the water-bath because it flows through at least 3 feet of pipe that
is submerged in the hot water. It then diffuses through the hot water-bath
as the surplus water flows out through the overflow. The jars rest on a false
bottom and the steam coils are placed below this bottom. See Figures 3 and 4.
Raeks for the jars have been found convenient though not necessary.

Figure 3. Interior view of Oregon mother-starter milk pasteurizer an cooler with false
bottom removed. S indicates the steam coils and W the water pipes for cooling. The
cooling water is released through the 1/5-inch holes in the three water pipes at the
top. The overflow is also shown.

It is desirable to have a lid on the pasteurizer tank to confine the heat
to the top of the tank in order to steriliae the upper part of the jars which
extend above the water line and also to prevent steam from escaping into
the room.

The pasteurizer tank was made of copper instead of galvanized iron, and
brass piping was used inside the pasteurizer for the' cooling water as well as
the steam coils This makes a pasteurizer of very fine appearance and also
one that is very durable.

STARTER FOR OREGON CREAMERIES AND CHEESE FACTORIES

13

DESIGN AND DEVELOPMENT OF OREGON
TRANSFER-TUBE STERILIZER
The sterilization of the transfer tubes and the care of the tubes between
the time they are sterilized and the time they are used is very important in
keeping objectionable bacteria from entering the starter. This is very often
not given proper attention in dairy plants.
Cheese factories and creameries require steam for their operation. Hence
in developing a transfer-tube sterilizer the problem was one of designing a
simple, inexpensive, and desirable container that could be heated by steam.

Figure 4. The Oregon mother-starter milk pasteurizer an dcooler designed for G twoquart jars. The steam coils are be]ow the removable false bottom shown with the
large punched holes.

The transfer-tube sterilizer designed consists of a 2-inch pipe 13 inches
long having at one end a reducer to attach to the steam line and at the other
end a standard threaded cap. A stop-cock is needed near the top end to release the steam pressure before removing the cap. This 2-inch pipe should
be mounted in a vertical position in a convenient location on a wall near
where the transfer tubes are to be used so that it serves as a sterile holder
for the tubes until needed. A screen is required near the lower end for the

transfer tubes to rest on. There should be a drain at the bottom of the

sterilizer or in the steam line near the sterilizer.
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When sterilizing, the glass transfe.r tubes are placed in the 2-inch cylinder,
the cap is screwed on tight, and the steam is turned on. Adequate sterilization will be completed in five minutes when the transfer tubes are exposed
to steam under pressure.

20

J 'MoIe

Waler for ccoIi,g

Figure 5. Design for Oregon mother-starter milk pasteurizer for 6 two-quart jars.

The transfer-tube sterilizer used (luring this experiment was rst constructed from galvanized iron pipe and later from brass pipe. The iron-pipe
sterilizer released some rust which appeared on the glass transfer tubes from
time to time although this was slight. The elimination of rust and the durability will probably cause the brass construction to be selected in most cases.
The sterilizer with supports welded to the side for attaching to the wall and

with all necessary valves can be made of galvanized iron pipe for about
$5.00 and of brass pipe for about $12.00.
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Figure 6. On the left is shown old-type pasteurizing tank. On the right is shown brass
transfer-tube sterilizer mounted on wall and attached to steam line.

DESIGN AND DEVELOPMENT OF OREGON MOTHERSTARTER INCUBATOR
The first step in designing an improved mother-starter incubator was to
study the limitations and undesirable characteristics of some of the incubatois

that were being used. Nearly all were found to be simple wooden or metal
Some were insulated. An electric lamp was the common source of
heat. Some operators made a practice of keeping the incubator in a cool room
boxes.

although this was not common. Tests were made in old-type incubators having

no shield or baffle around the elecjtric lamps used for heating. These tests
showed that there was not uniforoi temperature distribution in the incubator.

It was apparent that there was a need for an incubator for use in the
preparation of mother starter that (1) would automatically maintain a temperature from 68° to 72° F., (2) would have uniform temperature distribution, (3) would be simple and convenient to operate, (4) would be moderate
in cost, and (5) would include an arrangement preventing the temperature
of the incubator from exceeding 72° F. when operated in a room temperature
as high as 100° F.
A water-jacketed incubator with inside dimensions 18 by 24 by 14 inbes
was constructed of 22-gauge galvanized iron as shown in Figure 10. A sideopening door was considered more convenient and desirable than a top-opening
door used with some of the earlier incubators. This size provides ample room
for 6 two-quart jars and a beating unit or stove with insulated sides to shield

the jars of milk from direct radiation from the heater. The heater is controlled by an electric thermostat, a device that turns the electricity on or off

16
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Figure 7. Mother-starter incubator showing the heating unit, the bimetajlic thermostat
mounted on the side of the heating unit, two-quart jars of milk, thermometer in the
incubator, and thermometer in the overflow from the water jacket.

as required to maintain a temperature of approximately 7O F. The water
in the jacket around the sides and top is kept below 7O F. by allowing a
small quantity of tap water to flow through it. The overflow water should
be visible so that the rate of flow can be regulated at the inlet. The water
enters through a 3/8-inch pipe extending around the base of the water jacket.
The water is released through six 34nh holes drilled in the pipe as shown
in Figure 10. This admits the cooling water to all parts of the water jacket.
The temperature of the cooling water in the jacket is indicated by a thermometer installed in the overflow line at the top. A temperature of approximately 65 F. of the water in the jacket has been found very desirable and
easy to maintain. The thermostat automatically controlls the heater so as to
maintain a temperature of 680 to 72 F. in the incubator. This method of cool-
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Figure 8. Oregon mother-starter incubator showing the cooling water inlet and drain
cock at the bottom. The vertical pipe is a safety overflow to prevent excessive pressure on the water jacket. The pipe from the top of the incubator is for the overflow. The thermometer is screwed into the tee in the overflow pipe to indiexte the
temperature of the overflow water.

ing requires a water supply having a temperature below 700 F. The water
supply of most dairy manufacturing plants in Oregon is well below this
temperature. A flow of 10 to 12 gallons of water per minute at a temperature
of 60° F. is required when the room temperature is 80° F.
Tests of various heating devices for the Oregon mother-starter incubator
showed that baffles around the heater were necessary to prevent the transmission of heat by radiation to the side of the jars nearest the heater, to
cause circulation of air around the heater and through the incubator, and to
produce more nearly uniform temperature around the jars of milk.
The heating unit recommended is shown in Figure 11. It is important
to have the sides well insulated as indicated. Two 100-watt electric lights
are shown as heaters. The ordinary incandescent lamp gives off more than

18
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95 percent of the electrical energy it consumes in the form of heat when
used in a room. When confined, as in a small incubator, the light also is
converted to heat. The electric lamps are inexpensive, easily installed, and
available in any community when a replacement is needed.
A 200-watt heater made of coiled resistance wire wrapped on a porcelain

base is also satisfactory, but usually one of this low wattage is

difficult

to obtain.
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Figure 9. Reoording thermometer curves showing the room temperature and the tempera-

ture in the mothercu1ture Incubator.

Temperature records were taken frequently during more than a year of
operation of the incubator in the college crea.mery. Figure 9 shows typical
records taken by a recording thermometer during two one-week tests. These

records were taken in April, and it is interesting to note how much of the
time the room temperature shown by curves 2 and 4 was above 70° F. Curves
1 and 3 show the close temperature control by the heating unit and automatic
control. Curves 1 and 2 were taken simultaneously as were curves 3 and 4.

The selection of the thermostat that controls the heating unit for the

incubator is very important. The thermostat must keep the temperature within
the range of 68° to 72° IF. in order to meet the reqoirements for a motherstarter incubator. That part of the thermostat which is influenced by temperature variations and which causes the contact points to open or close
should be located near the jars of milk and be exposed to the same air cur-

rents and general temperature conditions as the jars. Figure 7 shows the
thermostat mounted about 11/2 inches from the side of the heating unit and
at the same height as the milk.
It is very desirable to have a quick-acting thermostat to avoid burning
the contact points and eliminate radio interference. Thermostats of the
ether-wafer type which will maintain a uniform temperature are available at
a reasonable cost but usually they are not quick acting. The bimetallic quick-
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acting thermostat shown in Figure 7 has been the outstanding thermostat
of the many which have been tested in the mother-starter incubator. The
temperature range is 3 F. between the on and the off position of the contact
points when set at 0.030 inch between the points when in the off position.
When the space between the points of the thermostat is increased the temperature range is increased. This thermostat is very compact, requires very little

space in the incubator, and is easily adjusted. It is sold principally as a
hot-water tank thermostat and is enclosed in a metal box to be strapped
to the side of a hot-water tank.

PLAN .5ECTION A-A
Overflow
Wa/er

au/a#

ELEVATION .5ECTlO/ 8-B

boor lnau/a/d wi/h / "of corh

EL-Cl/AT/ON SEC77ON C-C

Figure 10. Oregon mother-starter inrubator. (Size for 6 two-quart jars.)

REFRIGERATOR TANK FOR JARS OF MOTHER STARTER
Tests were made on the rate of cooling two-quart jars of starter from
70° F. in a refrigerated room at 38° F. and in ice-water. These tests showed

that the starter which was placed in the ice-water cooled to 40° F. in 2
hours whereas the starter placed in the cold room required P4 hours to coor
to this temperature. This demonstrates that more rapid cooling can be obtained in ice-water than in a refrigerated room.
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An insulated tank-type refrigerator box 16 by 16 inches by 12 inches deep
was built for cooling as many as 6 two-quart jars of starter. The tank was
made of 22-gauge galvanized iron and insulated with one inch of cork board
between the double walls. This refrigerator is provided with a hinged lid
which is also insulated. It is desirable to have a small-sized drain (% or
inch) in the bottom of the tank. A refrigerator of this type can be constructed for about $20.00.

EQUIPMENT FOR MAKING LARGE BATCHES OF STARTER
Shotgun pails, preferably made from acid- and alkali-resisting metal, may
be used as containers for the milk when moderate quantities of starter are
required. The cans of milk are placed in a tank of water which is heated
for pasteurization. Cooling the pasteurized milk is accomplished by admitting

cold water to the tank. The cans may be left in the water during the period
of incubation. In order to maintain a temperature of from 68° to 72 F.
during incubation some form of temperature control should be employed.
Water-jacketed containers are convenient to use for the large batch of
starter. See Figure 12. The container should preferably be made from

some acid- and alkali-resisting material. Where the metal is joined by
welding or soldering, the seam should be smooth and free from crevices. The
outlet valve should be of the "close-up" or "flush" construction. The agitator
should preferably enter the container through the top. If it enters the side,
the stuffing box should be constructed so that it can be properly cleaned and
sterilized daily. Unless the starter can is of a very large size or is kept
in a room where the temperature approaches that of the incubation tempera-

ture of 70° F., it may be necessary to employ some form of temperature
control. An increase in temperature during incubation seldom occurs in

Oregon with the usual method of inoculating the milk during the late after-

noon and incubating during the night, but during cold nights the milk is
cooled considerably below the desired temperature of ?0° F. It is not unusual
to have a temperature drop of 10° F. in the milk while incubating. This may

result in such a slow growth of the organisms that the starter is not
coagulated by morning.
In order to keep the temperature of the milk from decreasing too far below

70° F. during cold nights operators often "set" the starter at 80° F. instead
ol at 70° F.

SPECIAL HEATER DESIGNED FOR WATER JACKET
OF STARTER CAN
The special electric heater shown in Figure 13 was designed for installing
in the water-jacket of a starter can to maintain the temperature of the water
in the jacket at approximately 70° F. This heater is 9 feet long and consists
of nichrome heating wire electrically insulated from, and inclosed in, a
inch flexible copper sheath. This heater has a 3-heat switch and draws 50
watts on low, 100 watts on medium, and 200 watts on high.
Figure 12 shows this heater installed in a 50-gallon starter can by inserting
the long heater through the opening into the water jacket at the top. The
heater extends toward the bottom and then around the can in the jacket.
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The test data given in Table I show that a 100-watt heater was sufficient
to compensate for heat loss and raise the temperature of the milk from 69°

to 71° F. between 5:30 p. m. and 8:00 a. m. on the following day with a
minimum temperature during the night of 56° F.

-

i/ce con3tructad of
20 gaUge galvanized i,vn

lined with Ia3be5t
board.

Curved arros indicate

d,recl/an of air circulation.

ELEVATION Ar

ELEVATION A7,5EC7YON A-A

.5ECT/ON B-B

Figure 11. Heating unit for mother-starter incubator.
TABLE I. STARTERCAN TEMPERATURE DATA
100-watt special starter-can heater used during incubation.
Start 5.30 p. rn.
Temperature
Milk
of water
temperature
in jacket
°P.
°F.
70
68
69
69
71

Finish 8:00 a. m.
Temperature
Starter
of water
temperature
in jacket

Room

temperature,
minimum

°F.

°F.

°P.

69
68

73
70

74

69
68

71

73
70
71
70
72

69

69
72

60
56
59
65

Remarks

Heat not needed
Window open
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Much consideration was given to the use of a thermostat for controlling

the starter-can heater so as to maintain a temperature of from 68° F to

72° F. in the water-jacket. A single heater of 100 watts used for a series of
tests was found so satisfactory without a thermostat that it was concluded
that a heater with three rates of heating of 50, 100, and 200 watts would
eliminate the need for a thermostat.

I

Ii

I

Figure 12. A 50-gallon starter can with three-heat electric heater installed in water
jacket.
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This arrangement is much less expensive than a heater and thermostat and
more compact and easier to install.
The operator may choose from high, medium, or low of the electric heater

according to the temperature of the room where the starter is made.

Figure 13. Special 3-heat electric heater (50, 100, and 200 watts) designed for insert-

ing in the water jacket of a starter can.

METHOD OF PREPARING MOTHER STARTER
It is desirable to carry two or three different cultures. The best of these
should then be used for inoculation of the large batch of milk. A new culture
should be obtained from a reliable laboratory once a month. If this culture
proves to be better than tbose carried, the one that is least desirable should
bc discarded. If the old cultures are better than the new one, it would be
best not to make any replacement.

In preparing mother culture, attention should be particularly directed

to the following points:
Using fresh milk of good flavor containing a minimum number of bacteria.
Observance of proper temperatures for pasteurizing and incubating the
milk.

Preventing contamination of the milk or starter with undesirable bacteria when transferring.
Using the proper amount of inoculating material.
Cooling the coagulated cultures in ieewater so as to prevent the developnient of over-ripe flavor.
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In the light of the research°° on the influence of air on the quality of
starter it appears that it is best to fill the jars ahout two-thirds full with

milk. Whole milk should be used. Heat this milk to a temperature of from
1800 to 2000 F. in the water-bath. This will also sterilize the glass jars.
It should be held at this temperature for at least one-half hour. Rudnick°
states that "it makes no difference whether the milk is heated 45 minutes.
or five hours." High pasteurizing temperatures and long holding periods may
be used, but care should be taken to prevent the appearance of a scorched
flavor in the milk. Some starter makers heat the water surrounding the
jars slowly to nearly the boiling temperature, then shut off the steam and.
allow the water and the milk to remain hot during the following hour or two.
Cold water is thea added and the temperature of the water reduced to 700 F.
Since it is difficult to sterilize a thermometer, the instrument should not
be put into the milk. There should be no need to place a thermometer in the
milk to ascertain when the proper temperature for inoculation is reached
if the jars are held in the water at the incubation temperature for at least
one-half hour.

When a new culture is to be used for inoculation care should be tkem
to sterilize the lip of the bottle containing the culture over a flame before
the contents--whether a liquid or a powderare poured out into the jar of
milk. For succeeding transfers glass pipettes or tubes should be used. These
should either be sterilized in an oven with hot air at a temperature of from
300° F. to 325° F. for one hour or in a simple steam sterilizer. In order
to prevent contamination of the tubes after they have been sterilized they
should preferably be left in the sterilizer until they are to be used. When
used for transferring, the tubes should not come in contact with anything
that may contaminate them with undesirable bacteria.

The amount of starter to use for inoculating the milk varies. It usually
amounts to about 0.5 percent of the milk. All other conditions being uniform,

the amount of starter to use for inoculation should be that which will give
the most desirable flavor and aroma without the production of an excessive
acidity. If there is a tendency to over-ripeness the amount of inoculation
should be reduced. The temperature of incubation should be allowed to remain
constant.

The temperature during the ripening period should be as near 70° F_

as possible. It should not vary more than 2° F. from this. The starter organisms grow very satisfactorily at this temperature and the proper balance between the different types present is maintained. At higher temperatures the
organisms that survive pasteurization may develop and produce an undesirable
flavor, whereas if the temperature is lower the starter crganisms do not
develop rapidly enough.
The acidity of the starter at the time of coagulation may vary. In general

it ranges from 0.65 to 0.70 percent. The most desirable flavor and aroma
will have been produced when the acidity has increased to from 0.75 to 0.80
percent. A flat flavor may result if too little acidity is developed. A sharp,
acid flavor may result if the acidity is allowed to increase much above 0.80
percent.

A certain amount of acid is necessary for full flavor development. If
with a comparatively high acidity, however, the starter has an acid. taste
and little desirable flavor, either the types of bacteria present in the starter
are not capable of the production of good flavor or there is not the proper
relationship between the lactic acid producing and the flavor- and aromaproducing organisms.
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The jars should be placed in ice-water when the milk has become firmly

In order to avoid unnecessary contamination, the lids of the
jars should not be opened until the cultures are to be used.
It is not advisable to agitate and taste the starter before the transfers
have been made because of the possibility of contaminating it with foreign
organisms. It is very important, however, to judge the various mother starters
for flavor and aroma before any of them are used for inoculating the large
batch of starter milk to be used in manufacturing. When doing this each
jar should be shaken, the aroma noted, and a small amount of the starter
poured into a cup or spoon for tasting. Care must be taken not to contaminate the starter. The best-flavored mother starter should be selected
to be used for inoculating the large batch of milk. The undisturbed curd
should be uniform throughout and free from gas bubbles. Wheying-off should
not occur in a normally ripened culture. After the coagulated milk has been
shaken, the texture should be smooth and creamy and particles of flocculent
coagulated.

curd should not be present.

Figure 14. Modern equipment for making starter in an Oregon cheese factory. The shotgun" pails in the wooden tank are used in making large quantities of starter. The
Oregon mother-starter milk pasteurizer and cooler, the transfer-tube sterilizer, and
the Oregon mother-starter incubator are shown in the background.
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Good starter should have a delicate but pronounced aroma. The flavor
should be well-developed and neither flat nor over-ripe. A. so-called nutty
flavor is desired. A pronounced sour, bitter, or vinegar flavor is very objectionable. If undesirable organisms are present they may give the starter an
unclean, or yeasty, or very bitter flavor.

METHOD OF PREPARING LARGE BATCHES OF STARTER
The method of making a large batch of starter is similar to that of making mother starter. The milk should be heated to from 1800 to 2000 F. and
held at this temperature for at least 30 minutes. This is followed by cooling
to 70° F. For inoculation, mother culture is used amounting to approximately
one-half gallon (0.5 percent) to each 100 gallons of milk or in such smaller
or larger amounts as will result in a firm coagulation at the end of 14 to 16
hours of incubation at 70° F.
Unless the starter is to be used soon after it has coagulated it should be
cooled by brine or ice-water to a temperature of from 32° F. to 40° F. so
as to check the bacterial growth and prevent the starter from becoming overripe.

If it is necessary to remove the starter from the starter can, so as

to permit the use of the can for the succeeding batch, it should be placed in
sterile, well-tinned cans. These should be placed in a refrigerated room kept
at a temperature of from 32° F. to 40° F. or in a bath of ice-water until
the starter is to be used.
The acidity of thestarter at the time of using it should not be above 0.85
percent. The flavor should be clean and mild and the texture smooth and
creamy.
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